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COMPLETION APPARATUS AND METHODS 
FOR USE IN HYDROCARBON WELLS 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention provides an apparatus and methods for use in a hydrocarbon 
wellbore. More particularly the invention provides apparatus and methods for completing 
hydrocarbon wells. Still more particularly, the invention provides a cement shoe assembly for 
use in monobore wells. 

10 

Background of the Related Art 

In the drilling of a hydrocarbon well, the borehole is physically lined with strings of pipe 
or tubulars (pipe or casing) to prevent the walls of the borehole from collapsing and to provide a 
;ll reliable path for well production fluid, drilling mud and other fluids that are naturally present or 
||5 that may be introduced into the well. Typically, after the well is drilled to a new depth, the drill 
J5 bit and drill string are removed and a string of pipe is lowered into the well to a predetermined 
^ position whereby the top of the pipe is at about the same height as the bottom of the existing 
string of pipe (liner). Thereafter, with the new string of pipe held in place either temporarily or 
with some mechanical hanger, a column of cement is pumped into the pipe and forced to the 
iO bottom of the borehole where it flows out of the pipe and flows upwards into an annulus defined 
□ by the borehole and the pipe. The two principal functions of the cement between the pipe and 
the borehole are to restrict fluid movement between formations and to support the pipe. 
^(Jpl^^ ^Tu save thue an d money, apparatuij to facihtate- cementing are often l o wered i nto-the- 
borehole along with a pipe to be cemented. Cementing apparatus typically includes^a-ntimber of 
25 different components made up at the surface prior to run-in. Tbese'lnclude a tapered nose 
portion located at the downhole end of the pipe to facilitate insertion thereof into the borehole. 
A check valve at least partially seals th^^en^of the tubular and prevents entry of well fluid 
during run-in while permitting cerfient to subsequently flow outwards. The same valve or 
another valve or plug tj^picmly located in a baffle collar above the cementing tool prevents the 
30 cement and^^^be^^nulus from back flowing into the pipe. Components of the cementing 
app^'^fus arejrmde of fiberglass, plastjc or other disposable material, that, like cement remaining 
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in the pige^jian-be-tiriited when the cementing is complete and the borehole is drillefl to a new 
-depth 

Historically, each section of pipe inserted to line a borehole was necessarily smaller in 
diameter than the section of pipe previously inserted. In this manner, a wellbore was formed of 
5 sequential strings of pipe of an ever-decreasing inner and outer diameter. Recendy, methods and 
apparatus for expanding the diameter of pipe in a wellbore have advanced to the point where it 
has become commercially feasible to utilize the technology. This has led to the idea of 
monobore wells wherein through the expansion of tubulars in the wellbore, the wellbore remains 
at about the same diameter throughout its length. The advantages of the monobore well are 
10 obvious. The tubulars lining the borehole, and therefore the possible path for fluid in and out of 
the well remains consistent regardless of well depth. Additionally, tools and other devices can 
more easily be run into the well without regard for the smaller diameters of tubulars encountered 
on the way to the bottom of the wellbore. 

^ In a monobore well, a first string of tubulars is inserted into the wellbore and cemented 

|tj5 therein in a conventional manner. Thereafter, a string of tubulars having a smaller diameter is 
inserted into the wellbore as in prior art methods. However, after insertion into the wellbore the 
second string of tubulars is expanded to approximately the same inner and outer diameter as the 
first string. The strings can be connected together by use of a conventional hanger or, more 

rj; typically, the smaller tubing is simply expanded into the interior of the larger diameter tubing 

)§0 thereabove in an area where the pipes overlap. 

Cj With the advent of monobore wells, certain problems have arisen. One problem relates 

to the expansion of the smaller tubular into the larger tubular to form the connection 
therebetween. Current methods of expanding tubulars in a wellbore to create a connection 
between tubulars requires the application of a radial force to the interior of the smaller tubular 

25 and expanding its diameter out until the larger tubular is itself pushed passed its elastic limits. 
The result is a connection having an outer diameter greater than the original outer diameter of the 
larger tubular. While the increase in the outer diameter is minimal in comparison to the overall 
diameter, there are instances where expanding the diameter of the larger pipe is difficult or 
impossible. For example, in the completion of a monobore well, the upper string of tubulars is 

30 preferably cemented into place before the next string of tubulars is lowered into the well and its 
diameter expanded. Because the annular area between the outside of the larger pipe and the 
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borehole therearound is filled with cured cement, the diameter of the larger pipe cannot expand 
past its original shape. 

Therefore, a need exists for a connection means between two tubulars in a wellbore 
whereby a smaller tubular can be expanded into a larger tubular without the need for expanding 
5 the outer diameter of the larger tubular during the expansion process. There is a further need for 
an apparatus for running a string of pipe into a wellbore including a cement shoe whereby, a 
another string of tubular can be subsequently expanded into the first string without increasing the 
outer diameter of the larger pipe. There is yet a further need for a cement shoe assembly which 
can be run into a well at the end of a string of tubulars and which can subsequently be drilled out 
10 leaving a portion of a cement shoe housing clear for connection to another smaller tubular by 
expansion means. 

y SUMMARY OF THE INVENTION 

The present invention provides a cement shoe assembly for use on a string of tubulars in 
!1]5 a well. In one aspect of the invention, the cement shoe assembly includes a housing having a 
lower portion with an enlarged inside diameter and a drillable cement shoe portion disposed 
therein. The shoe includes a weakened portion of material adjacent the enlarged inside diameter 
f-:^ portion of the housing and ensures that as a cutting tool passes through the housing, all portions 
of the cement shoe are removed from the enlarged inside diameter portion, leaving a connection 
;§0 surface clear of debris for a subsequent tubular string. When a smaller tubular is expanded into 
n the enclosed diameter portion of the housing, a connection is made therebetween without 
enlarging the outer diameter of the housing. In another aspect of the invention, the cement shoe 
includes a longitudinal bore providing a passageway for cement and other fluids with composite 
material therearound. Radial formations extend from the outer surface of the longitudinal bore to 
25 the inside surface of the enlarged inner diameter portion of the body, thereby assuring that as a 
drilling tool passes through the body, any material along the surface of the enlarged inside 
diameter portion of the housing will fall away, leaving the portion free of debris. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited features, advantages and objects of the 
present invention are attained and can be understood in detail, a more particular description of 
the invention, briefly summarized above, may be had by reference to the embodiments thereof 
which are illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 

Figure 1 is a side view in section of the cement shoe assembly of the present invention. 

Figure 2 is a more detailed section view of the conical nose portion of the cement shoe 
assembly shown in Figure 1. 

Figure 3 is a downward, cross-sectional view of the cement shoe assembly of Figure 1 
taken through a line 3-3 of Figure 2. 

Figure 4 is a section view of a wellbore showing the housing of the cement shoe 
assembly cemented in place and a second tubular therebelow being expanded into the housing 
with an expansion tool. 

Figure 5 is a section view of the wellbore of Figure 4, showing a completed connection 
formed between the housing of the cement shoe assembly and the second tubular. 




DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

f)^ ■S^ireJ_isj_ secti on view nf^a- ^e mcnt sh ngrasseTriKTyln^ of the present invftntioirJTT^ 
assembly is typically disposed at the end of a string of tubulars that are run into a^wgll and 
cemented therein to isolate the wellbore from the formation therearound^^jj^e^sembly 100 is 
preferably connected to a tubular 101 by a threaded connectionJjOZ-'formed therebetween. The 
cement shoe assembly includes a housing 110 and a djitt^^le shoe portion 120 disposed within 
the housing. The drillable shoe portion incl^de^ longitudinal bore 123 extending through the 
center of the cement shoe and providitig a fluid path for cement and well fluids. At an upper 
end, the bore conmiunicates.;wim the tubular 101. Therebelow, a biased, one way valve 150 is 
disposed in the b9i::ed:23 permitting fluid to enter from the well surface but preventing well fluids 
from passing from the wellbore into tubular 101. In the embodiment shown, a spring 151 biases 
they^ve 150 in a closed positiqi^^Ad^aGent'VSlve'lSO, an annular area 121 defineTbe tween th e^^ 
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hnffr. anH fhp liniimina I 1(1 m -4444^^ unth rnnrmtp tp <;tflhi1i7ft thaJ^AH'. 17^ TIih linii«ing I iiT 

surrounding the concrete is equipped with upsets 152 to hold the concrete in plape-an^prevent 
axial movement thereof. Lining the bore 123 between the valve l^O-arlda conical nose portion 
130 is a tubular member 131. Adjacent the tubularrrjember 131, an annular area 132 between 
the tubular member and the housingJJ^-i^^ed with sand or some other aggregate. The 
purpose of the sancHs^a^'Support the tubular member 131 in the center of the bore 123 and to 
prevent imgFafion of cement from the bore 123 to the well of the housing 110 through pressure 
lization portsJJSibmiedT^ member 131. ^ 

A t a lower end of the a ssembly 100 is conical nose porti on- 130. Tlie " C tjnical nose portion" 
10 serves to direct fluid into and out of the assembly 100. Additionally, the offset, conical 

the nose portion 130 aids in run-in of the assembly by facilitating the passage of th^^-^embly 
through the borehole. The construction and the shape of nose portion 130 is ilWsti-ated in detail 
J{ in Figure 2, an enlarged, section view thereof. At an upper end 136,dTe nose portion fits into 
housing 110 and is attached thereto with a threaded connectionxi:^. A central bore 143 of the 
15 nose portion is aligned with longitudinal bore 123 of the sh(5e portion 120. The nose portion also 
}{ includes at least one side port 133 for the passag^xJf cement from the longitudinal bore 123 to 
" the borehole (not shown). The nose portipnTis constructed of drillable material having wear 
resistant, drillable characteristics. Fib^pr|lass or some other composite material is typically used 
to form the conical nose portiop/-f30. Located at an outer edge of the nose portion, at a point 
iO where the nose portion npd(s the edge of the housing 110, is a groove 171 formed around the 
perimeter nose pojtit5n. The groove 171 is constructed and arranged to ensure that the lower 
nose portiqjH^S falls away from the housing 110 as the shoe portion 120 and the upper nose 

pop£fli-W^-is''anned in the wellbore as wiirBeBescribed hereiir 

Also included in the upper portion 136 of the conical nose portion 130 are a plurality of 
25 radially extending formations 140 originating at an inner edge 137 of the housing 110 and 
extending inward to terminate adjacent the tubular member 131. In the preferred embodiment, 
the formations 140 are voids formed in the composite material of the conical nose portion. 
Figure 3 is a section view of the nose portion of the assembly taken along a line 3-3 of Figure 2. 
Figure 2 illustrates the relative height of the formations 140 and Figure 3 illustrates the width 
30 and length of each formation 140. The purpose of the formations is to ensure that the outermost 
portions of the upper nose portion 136 fall away from the housing 110 as the shoe portion is 
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drilled as will be explained herein. 

Visible specifically in Figures 1, 4 and 5, the outer housing 110 of the assembly is a two 
piece housing with a threaded connection 134 between an upper 138 and lower 161 portions. In 
the embodiment shown, the upper portion 138 of the housing 110 has approximately the same 
5 outer diameter as the tubular 101 thereabove. The lower portion 161 of the housing includes an 
area of increased wall thickness 157 terminating in an area of the housing 160 having an 
enlarged inner diameter. The enlarged inside diameter area 160 is designed to provide a non- 
expanding mating surface for the upper portion of a tubular when the tubular is expanded into 
housing 110 as described herein. 
10 In the completion of a well utilizing the cement shoe assembly of the present invention, 

an initial or subsequent section of borehole is drilled to a predetermined depth in the earth. 
Thereafter, a string of tubular is run into the new borehole with the cement shoe assembly 100 
disposed at a lower end thereof. With the tubular string fixed in the wellbore and the cement 
i|1 shoe assembly 100 near the bottom of the borehole, cement is injected into the wellbore with the 
il|5 tubular string providing a fluid path for the cement. When the flowing cement reaches cement 
'il shoe assembly 100, it passes through one-way valve 150, through longitudinal bore 123 and exits 
111 the central bore 143 of the conical nose portion 130 as well as side ports 133. Upon reaching the 
Li= bottom of the borehole, the cement is then forced up an annular area formed between the outer 
surface of the housing 110 and the borehole therearound (not shown). A column of fluid is then 
'Mo pumped into the tubular string after the cement to ensure that most of the cement exits the lower 
□ end of the cement shoe assembly 100. Thereafter, the cement is allowed to cure and 
subsequently, a drilling tool is run into the wellbore inside of the tubular string and the drillable 
shoe portion 120 and conical nose portion 130 are drilled up and destroyed, leaving only the 
housing 1 10. Thereafter, a new length of borehole is drilled and subsequently lined with another 
25 tubular string. The upper portion of the new string of tubular is subsequently expanded into the 
enlarged inside diameter portion 160 of housing 110 of the cement shoe assembly 100. 

In a conventional cement shoe, the inside diameter of the cement shoe housing is only 
slightly larger than the outer diameter of a drilling tool used to drill the drillable cement shoe 
portion 120. This ensures that the material making up the cement shoe is removed. In the 
30 present invention, as illustrated in the Figures, the housing 110 of the cement shoe assembly is 
not a uniform inside diameter but includes larger inside diameter area 160. As previously 
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explained, the larger inside diameter area 160 permits the expansion of a tubular into the housing 
without expanding the outside diameter of the housing 110. In this manner a connection may be 
made between the housing and another piece of tubular, even when the housing is cemented into 
place in the wellbore and its outer diameter cannot be expanded. 
5 In order to ensure that all portions of the shoe portion 120 and conical nose portion 130 

fall free of housing 110 in the enlarged inside diameter area 160, the formations 140 in the upper 
portion of the conical nose portion are designed to remove all radial support for any material left 
between the drill and the wall of the housing 110 when the drilling tool passes through the 
housing 110. Considering Figure 1, a drilling tool, when passing through the upper portion 138 
10 of the housing 110, will contact, break-up and loosen all material and components in the upper 
portion 138 of the housing. Debris from the material and components is carried to the surface by 
circulating fluids. Likewise, as the drilling tool passes from the housing 110 to the conical 
portion 130 it will intersect groove 171 and the lower conical portion 135 will be dislodged from 
housing 110. However, as the cutting tool passes through the enlarged inside diameter portion 
V5 160 of housing 110, some material making up the upper portion 136 of the conical nose portion 
will not be directly contacted by the drilling tool. As is visible in Figure 3, formations 140 
remove any radial support of composite material which might remain in a ring-like shape after 
the drilling tool passes through the upper portion 136 of the conical nose portion 130. 

As described above, after the drillable components and material making up the shoe 
iO portion 120 are drilled up, the larger inside diameter area 160 of the housing remains as a mating 
surface for the expansion of a tubular having a smaller diameter. Figure 4 is a section view of a 
wellbore illustrating housing 110 cemented into place in a borehole 450 and a tubular 420 
therebelow being expanded into the larger inside diameter area 160 of housing 110. Typically, 
after a new string of tubular is fixed in the wellbore, an expansion tool 400 will be run into the 
25 well on a run-in string of tubular 406 and used to enlarge the inner and outer diameter of the 
tubular string to the size of the tubular string thereabove. Figure 4 illustrates one expansion tool 

400 typically used to expand a tubular string in a "bottom-up" fashion. ^ ■ 

C^\^\^^^^ 'RiC'--^xpansiQaJQQ l - 4 00 oporatcs -"WinrpressurizedJl^ string 
406. The expansion tool 400 includes^ajx>dy-462''which is hollow and generally tubular with a 
30 connector 404 for^x^nnectiSirto the run-in string 406. The body 402 includes at least two 
recg§§gslA 1 4 to hol d-arrgspective roller 416. EaclTDf the mutually fdenScal rollers 4l61sTiear^— ^ 
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cvlindricaland sl T ^l iLlv Imi i ded. Each - nf the rQllQrfr 4 16 . is m o imted hy means of a bearing (not 
shown) at each end of the respective roller for rotation about a respective rotation axis which is^ 
parallel to the longitudinal axis of the expansion tool 400 and radially offset therefromi^ l tie 
inner end of a piston (not shown) 420 is exposed to the pressure of fluid within tbeiioUow core 
of the tool 400 and the pistons serve to actuate or urge the rollers 416 again^rtne inside wall of a 
tubular therearound. In Figure 4, the expansion tool 400 is shown ip^ actuated position and is 
expanding the diameter of a tubular into a bore defined by th&4^ger inside diameter area 160 of 
housing 110. Typically, the expansion tool 400 rotat^s^the rollers are actuated and the tool is 
urged upwards in the wellbore. In this mannep^uie expansion tool can be used to enlarge the 
diameter of a tubular circumferentially tp^ uniform size and to a predetermined length in the 
wellbore. Figure 5 illustrates a comfrfeted connection between the enlarged diameter area 160 of 
housing 110 and the tubular^. As illustrated, the inside and outside diameter of the tubular 
455 has been increasei^the tubular is expanded past its elastic limits. However, the enlarged 
inside diameter 2a€a 160 of housing 110 has not expanded in diameter. In this manner, the 
tubular 420/^s successfully affixed to the housing 110 without expanding the diameter of the 
housinj?; Additionally, the inside diameter of the housing 110 and the tubular 420 are 
sii&stantially the samd: 




The ^nnne c tion arrange m ent di r ^e tty^gfTHefein and shown in Hgures 4 and 5 is not limiieci 
n to use with a cement shoe assembly and can be used to join tubulars at any locatigrL^dewnhoTe 
J|0 when a connection between tubulars is desired without expandirjg-the^ter diameter of the 
a larger tubular. For example, the apparatus an^-metKbd can be utilized anytime cement, 
formations or any other materid.5uiT0iinaing the outer tubular make it difficult or impossible to 
use an expansioii.^Knique requiring the expansion of the larger tubular. Additionally, the 
metijoeK^ and appartus disclosed and claimed herein can be used in any well and are not 
neofiss^riy iiuilted io use inThjrdfocarbon \w£]h. 

While the foregoing is directed to the preferred embodiment of the present invention, 
other and further embodiments of the invention may be devised without departing from the basic 
scope thereof, and the scope thereof is determined by the claims that follow. 
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